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Abstract 
Industrial Design education is going through a rapid evolution with more Design students making use of internet resources and 
tools such as crowdsourcing, 3D printing services, and other web-based tools to validate their ideas more quickly. The popularity 
of online 3D printing services such as Shapeways and Sculpteo accelerate the design process and learning. These services allow 
the designer to “print” virtually in any material such as plastics or metals. The impact of this new technology and other new web-
based tools is significant not only in the industry but in the classroom as well. Current Industrial Design pedagogy is still partially 
based on technology, materials and processes that were developed a century ago. For example, pencils and paper are still the 
primary idea development tool. Books and magazines used to be the primary research tool but already have been surpassed by the 
Internet. Computer technology has improved significantly since the appearance of the first PCs, Macs and CNC machines. With 
all these advances in technology, one aspect of Industrial Design education that needs to be re-visited is the pedagogy of Design 
Drafting in this new age of online 3D printing services. The traditional Design pedagogy that was based on the development of 
different skills or competencies in separate courses or classes have not changed significantly in the last 40 years, 3D printing 
technology could potentially change this situation. Some new academic papers discuss this newer trend in Industrial Design 
schools but very few provide examples on how they implemented the new Internet-based 3D printing services in their 
curriculum. Industrial Design schools need to adapt quickly to the new reality, embracing Internet resources and online tools as 
core skills that every designer must have. This paper will discuss one case in particular where student projects were developed 
using online 3D printing services. 
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1. From drafting table to 3D CAD software 
Technical drawing, also known as drafting, is one common course or subject that most Industrial Design schools 
teach their students in their first and/or second year of studies. Technical drawings are essential for the 
communication of design ideas that have to be constructed or built at a later stage.  
Technical drawing is a type of language and discipline that have not changed in decades but the tools to produce 
it have changed significantly. From the big drafting tables of the past to the highly sophisticated 3D CAD (computer 
assisted design) software today. The learning of technical drawing in design schools requires significant practice and 
time. To make drawings easy to understand, designers use familiar symbols, perspective, units of measurement, 
visual styles and page layout. All of these elements are common to every drawing no matter their complexity. 
Before the advent of 3D CAD software, technical drawings had to be produced entirely by hand, utilizing pencil, 
ink, pen and vellum paper on a drafting table. The process was slow, tedious and required significant amount of time 
for both, learning of the drafting language, and, learning to use drawing tools. Software packages such us AutoCAD 
became popular in the 1980s during the transition from manual drafting to computer drafting and remained 
dominant until the 1990s when new 3D CAD software was introduced by competing companies. 
Current technology allows most 3D CAD software packages to produce technical drawings from any 3D model 
almost automatically. This process has dramatically reduced the time to produce drawings but not necessarily 
provided the student-designer with enough time to learn the drafting language. There is a significant “compression” 
in the natural learning curve of a student. This has affected the pedagogy of the drafting course itself. 
During the last decade, with the rapid expansion of low-cost 3D printing technology and the rise of online 3D 
printing services such as Shapeways and Sculpteo [1,2], the time it takes to go from a 3D CAD virtual model to a 
3D printed prototype has been reduced considerably. Designers can also 3D print in other materials such as steel, 
ceramics and precious metals. Due to these innovations in 3D printing technology, one aspect of Industrial Design 
education that needs to be re-visited is the pedagogy of Design Drafting in this new age of online 3D printing 
services. 
Traditionally, the pedagogy of a technical drawing class is to teach a highly specialized drawing language using a 
two-dimmensional visual format. It is part of a design curriculum that was formed at the time when drawings were 
done manually, using manual tools such as pencils, ink, pens and vellum papers. The final objective for the students 
was to deliver a technical drawing on paper applying drafting standards. The technical drawing class was considered 
part of a group of core courses focused on developing basic design skills for first year students. 
With the advent of 2D CAD software, several industrial design schools added the requirement of learning the 
software package to the existing drafting curricula but they did not change the actual structure of the class. 
Production of 2D technical drawings was still the primary objective of the course. 
With the introduction of 3D CAD software in design schools, additional courses were created and added to the 
existing design curricula. Some of these new courses are specialized in specific areas such as “parametric 
modeling”, “surface development” and “animation”. They represent a significant evolution in the design curricula 
and many of them are considered required or mandatory for graduation [3]. 
2. Designing on a computer screen 
Understanding the correct scale and size of an object shown on a computer screen is one of the major dificulties 
for the learning of drafting using 3D CAD software. Unlike real objects that we can touch, feel and do not change in 
size, the scale and size of objects shown on a computer screen can change constantly. Most 3D CAD software 
allows the user to adjust the size and scale of the object but the visual feedback coming from the screen or monitor 
may not be enough to communicate its proper size or scale.  
3D printing could help drafting students to understand the correct scale of an object on screen rapidly. For 
example, a small scale object could look gigantic on screen but, once the object is 3D printed and the student is 
holding the object with his hand then he understands the correct scale. 
In a traditional drafting class the instructor focuses mostly on the technical drawings either on screen or on paper 
but not on the delivery of 3D printed parts. 3D parts production correspond to a different class, for example Model 
Making or Prototyping. This difference in focus corresponds to a traditional design pedagogy, for example, the 
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separation of “manual drawing courses” from “manual model making courses”, both skills are taught in two 
different courses due to the curricula requirements, type of tools etc.   
3. New idea: Your drafting course is also a rapid prototyping class 
Instead of focusing on learning a 2D visual language and printing on paper, the pedagogy of a modern design 
drafting class could combine the content of a drafting course with the content of a prototype making course (3D 
rapid prototyping). This combined approach could help students that are learning drafting for the first time to 
understand the scale of an object better. It can also reduce the time to produce a working prototype allowing students 
to do both drawings and prototypes in one single course.  
Two-dimmensional technical drawings make more sense to students when they see the relation between the 
drawing and the 3D printed object. This connection becomes “emotional” when the 3D object is designed or created 
by the student. The emotion comes from a “sense of ownership”, the student “owns” the design because it was 
created by him or her.  
In order to improve the pedagogy in our drafting course, we required students to create their own designs 
combining elements of drafting and 3D printing. The level of complexity for the printed object was from basic to 
intermediate level due to time constraints (between two to four weeks to complete each project). Students were 
required to design a functional object using 3D CAD software, then print the object on paper and also in plastic 
using an online 3D printing service. 
4. Project focus and scope 
In order to encourage “design thinking” in the classroom and to keep the student motivation as high as possible, 
we proposed three design projects to the students: a bookmark, a clothespin and a phone stand.  
Students would have to design each product using 3D CAD software (such as SolidWorks), then render the 
product in different colors, print the technical drawings on paper, and finally 3D print the product in plastic using an 
online service such as Shapeways or Sculpteo. The prototypes would have to be tested and the results recorded on 
video. 
5. Project guidelines and implementation 
Before using the 3D CAD software, students were given modeling parameters to reduce the risk of 3D printing 
problems and to minimize printing cost The recommended maximum volume was 6x6x6 (LxWxH) inches. In regard 
to wall thickness, the recommended range was from 0.05 to 0.1 inches. 
Students were also provided with several in-class “demos” to explain the use of the 3D CAD software and 
printing requirements. During this process, students were recommended to work on the functional aspects of the 
object first and to add aesthetics considerations later. Once the function was completely defined, students would 
look for additional inspiration. For example, in the case of the bookmark and clothespin projects, they modelled the 
“clipping section” first. Once they finished that section, they started adding more elements depending on what type 
of inspiration they had. Some inspirations could revolve around a “nature theme”, for example animals, plants or 
insects. Other type of inspirations could come from machinery, science fiction, etc. The general recommendation 
was that the inspiration or theme has to blend with the function of the object being designed.  
After the 3D computer models were finished then students were required to convert the 3D model into a 2D 
technical drawing. At this point students were advised about what type of page layout, symbols and units they 
should use. The next step was to render the newly designed object in different colors and finally to 3D print the 
object using an online service. The final step was to test the object in a real-world situation.  
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6. Project results 
The student results could be seen in the following examples. The images below represent different steps in the 
process: production of technical drawings, rendering in different colors and finally the prototype being tested 
(Figures 2 through 6).  
To encourage competition in the classroom, students were allowed to choose their own arrangement and 
composition for the color images. This type of situation kept the student motivation high during the project and the 
results significantly diverse. 
 
Fig. 1. Example of an in-class “demo.” 
 
 
Fig. 2. Example of clothespin design made by student including technical drawings and plastic part. 
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Fig. 3. Example of bookmark design made by student including technical drawings and plastic part. 
 
Fig. 4. Example of bookmark design made by student including technical drawings and plastic part. 
 
Fig. 5. Example of phone stand design made by student including technical drawings and plastic part. 
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Fig. 6. Example of clothespin design made by student including technical drawings and plastic part. 
7. Conclusions 
The pedagogy of Design Drafting could improve significantly with the implementation of 3D printing in the 
course curriculum. 3D printing helps students to better understand the scale of an object and keeps the motivation to 
learn high during the process. 
Online 3D printing services such as Shapeways and Sculpteo allow students to evaluate their design ideas faster 
and more effective.  
The above mentioned student projects combined elements of both a prototyping course and a technical drawing 
course. This combination also suggests more opportunities for innovation are possible in other parts of the design 
curricula. New technologies, such as online 3D printing could be added to the content of other design courses 
creating a hybrid curricula and an improved pedagogy for the future. 
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